The retinal-protein complex bacteriorhodopsin mediates lightxnergy conversion in halobacteria. This chromoprotein is embedded in the cell membrane and forms insular regions. These can be isolated by membrane-fractionation procedures, and they consist of a lipid matrix containing bacteriorhodopsin molecules in a hexagonal crystalline arrangement called the purple membrane. Light-absorption by bacteriorhodopsin induces cyclic changes of the molecule accompanied by a vectorial release and uptake of protons. By means of this photochemical cycle an electrochemical proton gradient is created across the cell membrane on illumination, and the gradient energy is used for ATP synthesis inside the cell. A summarizing report on the function of bacteriorhodopsin and this new type of photophosphorylation mediated by it has been given (Oesterhelt, 1976) .
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The retinal-protein complex bacteriorhodopsin mediates lightxnergy conversion in halobacteria. This chromoprotein is embedded in the cell membrane and forms insular regions. These can be isolated by membrane-fractionation procedures, and they consist of a lipid matrix containing bacteriorhodopsin molecules in a hexagonal crystalline arrangement called the purple membrane. Light-absorption by bacteriorhodopsin induces cyclic changes of the molecule accompanied by a vectorial release and uptake of protons. By means of this photochemical cycle an electrochemical proton gradient is created across the cell membrane on illumination, and the gradient energy is used for ATP synthesis inside the cell. A summarizing report on the function of bacteriorhodopsin and this new type of photophosphorylation mediated by it has been given (Oesterhelt, 1976) .
The chromophore and retinal analogues
The chromophore of the photoreceptor molecule is created by the interaction of retinal with the protein moiety. Very probably retinal forms a Schiff base with an e-amino group of a lysine residue, and this is then protonated. Further interaction with amino acid side chains must be responsible for the large bathochromic shift of the chromophore absorption (570nm). However, the exact chemical nature of the chromophore, i.e. the molecular arrangement around the retinal moiety, is not known. In addition to the importance of our understanding of the chromophore structure, the changes of the chromophore during the photochemical cycle of bacteriorhodopsin are of great interest. Considering the mechanism of the proton-pumping function of bacteriorhodopsin, the chromophore itself may be involved in the release and uptake of protons. In fact, retinal-retro-retinal transitions during the photochemical cycle have been discussed (Oesterhalt et al., 1975; Peters et al., 1976) .
The use of retinal analogues as the prosthetic group in the chromophore can be expected to improve our knowledge on chromophore structure and function. In principle, four questions may be answered by such experiments, as follows.
(a) What are the structural features of an aldehyde that are required for the formation of a chromophore with bacterio-opsin ? By definition, chromophore formation is accompanied by a change in colour and a change in chemical reactivity of the aldehyde.
(6) Is a chromophore analogue capable of undergoing a photochemical cycle? (c) Can the chromophore analogue mediate the proton-pumping function of Preparation of bacterio-opsin in isolated membrane fractions and intact cells
The bacteriorhodopsin-containing purple membrane is easily isolated from halobacteria (Oesterhelt & Stoeckenius, 1974) . One of the chromophore intermediates of the photochemical cycle proceeding continuously in light reacts with hydroxylamine. Retinaloxime and a chromophore-free membrane (apomembrane) are the products. After being freed from excess of hydroxylamine, this membrane fraction can be used for reconstitution experiments . The same reaction can be carried out with intact cells . However, an alternative procedure, which does not damage the cells, has been described (Sumper el al., 1976) . Halobacteria will grow in the presence of 1mM-nicotine without a change in conditions, and no bacteriorhodopsin can be formed, although bacterio-opsin is present in the cell membrane. On the addition of external retinal this formation is observed. We used this system for restoration of bioenergetic functions in the halobacterial cell.
Synthesis of retinal analogues
The synthesis of some retinal derivatives is summarized in Scheme 1 and was carried out according to the methods of Jungalwala & Cama (1965) (5,6-epoxyretinal), Reedy (1965) (4-hydroxyretinal) and Henbest et al. (1955) (3-dehydroretinal) .
Reconstitution of the bioenergetic function
follows.
group or the hydrocarbon derivative of retinal, axerophthen.
The structural requirements for chromophore formation can be summarized as (a) The aldehyde functional group cannot be replaced by a hydroxyl group,carboxylic Halobacterium halobium RIM1 cells were grown in the presence of 1 mwnicotine until they reached the stationary phase. Cells were harvested, resuspended in medium without peptone containing 1 mwnicotine and kept anaerobically in the dark for 2h (pH6.9; 3mg of protein/ml; volume 7ml). Then 40nmol of retinal (A), 3-dehydroretinal (0) or 5,6-epoxyretinal (0) was added to each illuminated cell suspension [150W, with light filtered throughorange glass filterOG 51 5 (retinal), or OG 400 (5,6-epoxyretinal)]. Samples (10Opl) were taken for ATPdetermination by the luciferinluciferase assay (Oesterhelt, 1975) . A reading of 80mV corresponds to 6mmol of ATP/kg of cell water.
(b) CZ5 and C30 analogues of retinal will not fit into the binding site of bacterioopsin.
(c) The position of methyl groups is essential for chromophore formation. A shift of the methyl group from C-13 to C-14 (13-desmethyl-14-methylretinal) will abolish the capacity of chromophore reconstitution.
( d ) A strict specificity with respect t o C -C isomers of retinal is found. In contrast with the visual pigments ( 9 4 s -and 1 I-cis-retinal), bacterio-opsin will react only with 1 3 4 s -and all-trans-retinal (Oesterhelt, 1974) .
(e) A chromophore is formed if a n extra double bond is introduced into retinal (3-dehydroretinal), if the double bond of the cyclohexene ring is epoxidized or if a hydrogen atom in the 4-position is replaced by a hydroxyl group.
Chromophore formation with dehydroretinal (blue), 4-hydroxyretinal (red) and 5,6-epoxyretinal (yellow) does not necessarily result in reconstitution of the proton-pumping function of bacteriorhodopsin. If liposomes containing bacterio-opsin are prepared according to the procedure described for bacteriorhodopsin (Racker, 1973) and the retinal analogues are added, p H changes of the medium are observed that are almost identical for retina1 and dehydroretinal but are smaller for 4-hydroxyretinal and are not measurable for 5,6-epoxyretinal (A. Knobling, unpublished work). Since our 4-hydroxyretinal preparation may contain impurities, we tested only retinal, dehydroretinal and 5,6-epoxyretinal for reconstitution of photophosphorylation in intact cells. As shown in Fig. 1,3 -dehydroretinal reconstitutes the bioenergetic function of bacteriorhodopsin equally as well as retinal, whereas 5,6-epoxyretinal does not. In parallel we measured p H changes in cell suspensions with the reconstituted modified bacteriorhodopsin, and we found n o p H changes with 5,6-epoxyretinal-treated cells, but large changes in retinal-treated and dehydroretinal-treated cells.
From these experiments we conclude that reconstitution of a chromophore in bacteriorhodopsin is clearly distinguishable from reconstitution of the protonpumping function. At present we are trying t o find retinal analogues that also reconstitute a proton pump, but because of a diminished rate of the photochemical cycle are not efficient enough to drive photophosphorylation. Such experiments should help towards a better understanding of the chemical structure of the chromophore and its relation to the proton-pumping mechanism of bacteriorhodopsin.
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